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(54) An interlined charge-coupled device having an extended dynamic range 



(57) An image sensor includes (a) a plurality of pix- 
els each having (i) a plurality of photosensitive areas 
having a first sensitivity to light for forming a first sensi- 
tivity area; (ii) a plurality of charge-coupled devices re- 
spectively adjacent the photosensitive areas having a 
second sensitivity to light for forming a second sensitiv- 
ity area; wherein the second sensitivity area is less sen- 



sitive to light than the first sensitivity area so that the 
second sensitivity area saturates after the first sensitiv- 
ity area saturates; (iii) a first transfer mechanism for per- 
mitting electrons to be passed from the first sensitivity 
area to the second sensitivity area; and (b) a second 
transfer mechanism for moving electrons through the 
plurality of charge-coupled devices 
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Description 

[0001] This invention relates generally to the field of 
Image sensors and. more particularly to, such image 
sensors having vertical charge-coupled devices that 
capture high light levels and photodiodes that capture 
low levels for extending the dynamic range of the image 
sensor. 

[0002] A typical interlined charge-coupled device in- 
cludes a plurality of photosensitive areas for capturing 
incident light and generating electrons representative of 
the captured image. The charge-coupled device also in- 
cludes a plurality of charge-coupled devices disposed 
respectively adjacent the photosensitive areas for re- 
ceiving electrons generated from the photosensitive ar- 
eas and for transporting the electrons to other circuitry, 
as is well known in the art. A plurality of metal shield 
respectively covers the plurality of charge-coupled de- 
vices for preventing the incident light from exposing 
them. 

[0003] Although the presently known and utilized in- 
terlined CCD is satisfactory, improvements are always 
desirable. In this regard, it is sometimes desirable to 
capture high levels of light that are lost when photosen- 
sitive areas become saturated. 

[0004] Consequently, a need exists for an interlined 
CCD that includes the above-described improvement. 
[0005] The present invention is directed to overcom- 
ing one or more of the problems set forth above. Briefly 
summarized, according to one aspect of the present in- 
vention, the invention resides in an image sensor having 
a plurality of pixels each including a plurality of photo- 
sensitive areas having a first sensitivity to light for form- 
ing a first sensitivity area, a plurality of charge-coupled 
devices respectively adjacent the photosensitive areas 
having a second sensitivity to light for forming a second 
sensitivity area; wherein the second sensitivity area is 
less sensitive to light than the first sensitivity area so 
that the second sensitivity area saturates after the first 
sensitivity area saturates, and a first transfer mecha- 
nism for permitting electrons to be passed from the first 
sensitivity area to the second sensitivity area; and the 
image sensor also including a second transfer mecha- 
nism for moving electrons through the plurality of 
charge-coupled devices. 

[0006] These and other aspects, objects, features 
and advantages of the present invention will be more 
clearly understood and appreciated from a review of the 
following detailed description of the preferred embodi- 
ments and appended claims, and by reference to the 
accompanying drawings. 

[0007] The present invention has the following advan- 
tage of capturing high levels of light by the charge-cou- 
pled devices for extending the dynamic range of the im- 
age sensor. 

Fig. 1 is a top view of the interlined CCD of the 
present invention with a top portion (micro-lenses 
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and a color filter array) not shown for clarity; 
Fig. 2 is a view in horizontal cross section of Fig. 1 ; 
Fig. 3 is a view in horizontal cross section illustrating 
both the interlined CCD and the top portion (micro- 
s lenses and a color filter array); and 

Fig. 4 is an image capture device in which the inter- 
lined CCD may be used. 

[0008] Referring to Figs. 1 and 2, there is shown a top 
10 view of a portion of an interlined charge-coupled device 
(CCD) 10 of the present invention. The interlined CCD 
10 includes a plurality of pixels 20 each having a pho- 
todiode 30 for collecting incident light that is converted 
into electrons representative of the captured image. 
15 Each pixel 20 also includes a plurality of vertical CCDs 
40 that are respectively disposed adjacent the photodi- 
odes 30 for receiving the electrons from the photodiodes 
30 and fortransporting the electrons to other well-known 
circuitry. A transfer gate 45 transfers the electrons from 
20 the photodiode 30 to the vertical charge-coupled devic- 
es 40. 

[0009] In the case of a two-phase CCD, two gates 50 
are positioned substantially covering the vertical CCDs 
. 40 that are clocked in a pre-determined sequence for 
25 transporting the electrons therein to other well-known 
circuitry. It is understood by those skilled in the art that 
more than two gates 50 may be used for other designs 
as is well known in the art. 

[001 0] Referring to Fig. 3, there is shown the interlined 

30 CCD 1 0 of the present invention including various com- 
ponents not shown in Figs. 1 and 2. In this regard, a 
color filter array 60 is positioned over the pixels 20 for 
providing various color content to the photodiodes 30 
according to the filter through which the light passes. 

35 For example, in a Bayer pattern, the array 60 has a pre- 
determined pattern and color content, red, green and 
blue (RGB). A plurality of micro-lenses 70 is respectively 
positioned in a predetermined alignment to the photodi- 
odes 30 for focusing the incident light onto their respec- 

40 tive photodiodes 30. Due to manufacturing limitations, 
a gap 80 inevitably occurs between the micro-lenses 70. 
This light not captured by the micro-lens 70 is passed 
through the gap 80, a color filter 60, a gate 50, and even- 
tually to the respective vertical CCD 40. The CCD 40 

45 does not saturate as fast as the adjacent photodiode 30, 
and as a result, the CCD 40 captures the high light level 
and the photodiode 30 captures the low light level. The 
charge collected in the CCD 40 is read out prior to trans- 
ferring the collected charge in the photodiode 30 to the 

so CCD 40 that is also subsequently readout. 

[0011] By reading out the charge collected in thever- 
tical CCD 40 prior to transferring from the photodiode 
30 into the vertical CCD 40, two pieces of information 
can be obtained for each pixel. Since the vertical CCD 

55 40 receives only a fraction of the available light, the ver- 
tical CCD 40 can be used to recover "high light" infor- 
mation beyond the point where the neighboring photo- 
diodes 30 are saturated which effectively extends the 
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dynamic range of the device. 

[0012] Referring to Fig. 4. the above-described inter- 
lined CCD 1 0 may be used in any suitable image capture 
device 90, such as. but not limited to. a digital camera 
and the like. 



Claims 

1 . An image sensor comprising: 

(a) a plurality of pixels each comprising: 

(a1 ) a plurality of photosensitive areas hav- 
ing a first sensitivity to light for forming a 
first sensitivity area; 

(a2) a plurality of charge-coupled devices 
respectively adjacent the photosensitive 
areas having a second sensitivity to light 
for forming a second sensitivity area: 
wherein the second sensitivity area is less 
sensitive to light than the first sensitivity ar- 
ea so that the second sensitivity, area sat- 
urates after the first sensitivity area satu- 
rates; 

(a3) a first transfer mechanism for permit- 
ting electrons to be passed from the first 
sensitivity area to the second sensitivity ar- 
ea; and 

(b) a second transfer mechanism for moving 
electrons through the plurality of charge-cou- 
pled devices. 

2. The image sensor as in claim 1 further comprising 
a plurality of micro-lenses placed such that the pri- 
mary focus is on the first sensitivity area, and a re- 
gion between the micro-lenses is over the second 
sensitivity area so that light not focused by the lens 
is passed to the second sensitivity area. 

3. The image sensor as in claim 1 , wherein after the 
pixels are exposed to light for capturing an image, 
the electrons are transferred out of the second sen- 
sitivity area, and then the electrons in the first sen- 
sitivity area are transferred from the first sensitivity 
area to the second sensitivity area and eventually 
out of the second sensitivity area thus producing 
two versions of the image in which the second sen- 
sitivity area contains high light level of light and the 
first sensitivity area contains low light levels of light. 

4. An image capture device for capturing an image 
comprising: 

(a) an image sensor comprising: 

(a1) a plurality of pixels each comprising: 



(i) a plurality of photosensitive areas 
having a first sensitivity to light for 
forming a first sensitivity area; 

(ii) a plurality of charge-coupled devic- 
5 es respectively adjacent the photosen- 
sitive areas having a second sensitiv- 
ity to light for forming a second sensi- 
tivity area; wherein the second sensi- 
tivity area is less sensitive to light than 

10 the first sensitivity area so that the sec- 

ond sensitivity area saturates after the 
first sensitivity area saturates; 

(iii) a first transfer mechanism for per- 
mitting electrons to be passed from the 

15 first sensitivity area to the second sen- 

sitivity area; and 

(a2) a second transfer mechanism for mov- 
ing electrons through the plurality of 
20 charge-coupled devices. 

5. The image capture device as in claim 4 further com- 
prising a plurality of micro-lenses placed such that 
the primary focus is on the first sensitivity area, and 

25 a region between the micro-lenses is over the sec- 
ond sensitivity area so that light not focused by the 
lens is passed to the second sensitivity area. 

6. The image capture device as in claim 1 , wherein 
30 after the pixels are exposed to light for capturing an 

image, the electrons are transferred out of the sec- 
ond sensitivity area, and then the electrons in the 
first sensitivity area are transferred from the first 
sensitivity area to the second sensitivity area and 
35 eventually out of the second sensitivity area thus 
producing two versions of the image in which the 
second sensitivity area contains high light level of 
light and the first sensitivity area contains low light 
levels of light. 
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